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Abstract 
Agro-ecosystems support a vast diversity of insect fauna that play crucial roles in ecosystem functioning, including pollination, nutrient cycling, 

biological pest control, and soil health maintenance. Understanding insect diversity and its seasonal distribution is essential for sustainable agricultural 

management and biodiversity conservation. The present study aimed to assess the diversity, abundance, and seasonal variation of insect fauna in selected 
agro-ecosystems over a one-year period. Systematic sampling was conducted during four distinct seasons’ summer, monsoon, post-monsoon, and winter 

using sweep nets, pitfall traps, light traps, and hand collection methods. Insects were identified up to family and genus level using standard taxonomic 

keys. Diversity indices such as Shannon–Wiener, Simpson’s dominance, and species richness were calculated. Results revealed significant seasonal 
variation in insect diversity, with maximum abundance and species richness recorded during the monsoon season, followed by post-monsoon, summer, 

and winter. Orders Lepidoptera, Coleoptera, Hymenoptera, and Diptera dominated the agro-ecosystem. Beneficial insects such as pollinators and natural 

enemies showed strong seasonal dependence, highlighting the influence of climatic factors and crop phenology. The study emphasizes the importance of 
conserving insect biodiversity in agricultural landscapes through eco-friendly farming practices and reduced pesticide usage to ensure long-term 

sustainability and food security.  
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                             Introduction
Agro-ecosystems represent complex and dynamic environments shaped by 

interactions between biotic and abiotic components. Insects constitute one of 

the most diverse and abundant groups within these systems and play 

indispensable roles in agricultural productivity and ecosystem stability 

(Altieri, 1999). They function as pollinators, decomposers, predators, 

parasitoids, and herbivores, thereby influencing crop yield and quality 

(Losey & Vaughan, 2006). Seasonal fluctuations in temperature, rainfall, 

humidity, and cropping patterns significantly affect insect population 

dynamics (Wolda, 1988). Understanding seasonal distribution patterns of 

insect fauna is vital for designing integrated pest management (IPM) 

strategies and conserving beneficial insect populations (Kremen et al., 

2007). Recent studies have highlighted global concerns regarding insect 

decline due to habitat loss, pesticide overuse, climate change, and intensive 

agricultural practices (Hallmann et al., 2017). In India, agro-ecosystems 

support rich insect biodiversity; however, systematic studies on seasonal 

variation remain limited. The present research aims to evaluate insect 

diversity and seasonal distribution in agro-ecosystems to provide baseline 

data for sustainable agricultural planning. 

Insects represent the most diverse and abundant group of organisms in 

terrestrial ecosystems and play a pivotal role in maintaining the structure and 

functioning of agricultural landscapes. Agro-ecosystems, which include 

cultivated fields, field margins, irrigation channels, hedgerows, and fallow 

lands, support a wide range of insect fauna performing essential ecological 

functions such as pollination, biological pest control, decomposition, and 

nutrient cycling. These insect-mediated processes are fundamental for 

sustaining crop productivity and ecological balance within farming systems 

(Altieri, 1999). The diversity and composition of insect communities in 

agro-ecosystems therefore serve as reliable indicators of ecosystem health 

and sustainability. Agricultural biodiversity is closely linked to ecosystem 

resilience. Diverse insect assemblages help stabilize agro-ecosystems by 

regulating pest populations and reducing the likelihood of pest outbreaks. 

Natural enemies such as predators and parasitoids exert top-down control on 

herbivorous insects, while pollinators enhance crop yield and quality in 

many food and seed crops (Losey & Vaughan, 2006). Agroecological theory 

emphasizes that internal regulation of agro-ecosystems such as suppression 

of pests and maintenance of soil fertility depends strongly on the richness 

and functional diversity of associated organisms, particularly insects (Altieri 

& Nicholls, 2004). Consequently, a decline in insect diversity can 

compromise ecosystem services and increase dependency on chemical 

inputs. A defining characteristic of insect communities in agro-ecosystems is 

their strong seasonal variation. Insect population size, diversity, and activity 

patterns fluctuate across seasons in response to changes in temperature, 

rainfall, humidity, photoperiod, and host plant availability. Seasonal changes 

in cropping patterns sowing, vegetative growth, flowering, harvesting, and 

fallow phases create dynamic habitats that influence insect life cycles, 

reproduction, and survival. Early ecological studies highlighted that insect 

seasonality arises from complex interactions between climatic factors, host 

plant phenology, and natural enemy pressure, resulting in predictable annual 

cycles in abundance and diversity (Wolda, 1988). In tropical and subtropical 

agro-ecosystems, rainfall is a particularly important driver of seasonal insect 

dynamics. Periods of high rainfall often coincide with increased vegetation 

growth, higher floral resource availability, and improved microclimatic 

conditions, which collectively support higher insect abundance and species 

richness. Conversely, dry or cold seasons may limit food resources and 

restrict insect activity, leading to reduced population sizes. Seasonal studies 

in agricultural landscapes have repeatedly shown that insect diversity 

typically peaks during wet or monsoon periods and declines during extreme 

climatic conditions such as drought or winter (Samways, 2007). 

Understanding these seasonal patterns is crucial for predicting pest outbreaks 

and conserving beneficial insects. The study of insect diversity and seasonal 

distribution in agro-ecosystems is also central to the development of 

effective integrated pest management (IPM) strategies. Knowledge of 

seasonal peaks in pest populations allows for timely monitoring and targeted 

interventions, while information on the seasonal abundance of predators and 

parasitoids helps avoid management practices that may disrupt natural 

biological control (Landis, Wratten & Gurr, 2000). Without a clear 

understanding of seasonal insect dynamics, pesticide applications may 

inadvertently coincide with periods of high beneficial insect activity, leading 

to secondary pest outbreaks and long-term ecological imbalance. In recent 

decades, growing evidence has indicated alarming declines in insect 

abundance and biomass at regional and global scales. Long-term monitoring 

studies have documented substantial reductions in flying insect biomass, 

raising serious concerns about the stability of ecosystem services provided 

by insects (Hallmann, Sorg, Jongejans, Siepel, Hofland, Schwan, Stenmans, 

Müller, Sumser, Hörren, Goulson & de Kroon, 2017). Agricultural 

intensification, habitat loss, excessive pesticide use, and landscape 

simplification have been identified as major drivers of these declines. These 

findings underscore the urgent need for region-specific studies documenting 
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insect diversity and seasonal trends in agro-ecosystems, particularly in 

developing countries where agriculture supports large human populations. 

Climate change further complicates insect dynamics in agro-ecosystems by 

altering seasonal temperature and precipitation regimes. Rising temperatures 

can accelerate insect development, increase the number of generations per 

year, and expand the geographic range of many pest species. Empirical 

evidence suggests that warming trends may lead to increased crop losses due 

to enhanced insect pest pressure, especially in major cereal crops (Deutsch, 

Tewksbury, Tigchelaar, Battisti, Merrill, Huey & Naylor, 2018). Climate-

driven shifts in insect phenology may also disrupt synchrony between pests, 

natural enemies, and crop growth stages, making seasonal studies 

increasingly important for climate-adaptive agricultural management. Insect 

diversity in agro-ecosystems is influenced not only by seasonal climate but 

also by landscape structure and habitat heterogeneity. Semi-natural habitats 

such as field margins, hedgerows, and fallow lands act as refuges for 

beneficial insects and facilitate recolonization of crop fields after 

disturbances such as harvesting or pesticide application (Perfecto, 

Vandermeer & Wright, 2009). Landscapes with greater habitat diversity 

generally support richer and more stable insect communities than simplified 

monoculture systems. Seasonal variation interacts with landscape 

complexity, as resource availability and habitat suitability change throughout 

the year (Tscharntke, Klein, Kruess, Steffan-Dewenter & Thies, 2005). 

Pollinators deserve special attention in seasonal insect studies because their 

activity is closely synchronized with crop flowering periods. Declines in 

pollinator diversity and abundance can directly affect crop yields and food 

security. Global assessments have highlighted that pollinator populations are 

under increasing pressure from habitat loss, pesticides, and climate 

variability, emphasizing the need for seasonal monitoring in agricultural 

landscapes (Potts, Biesmeijer, Kremen, Neumann, Schweiger & Kunin, 

2010). Agro-ecosystems that support season-long floral resources are more 

likely to maintain stable pollinator communities. Considering these 

ecological, agricultural, and conservation perspectives, the present study 

entitled “Diversity and Seasonal Distribution of Insect Fauna in Agro-

Ecosystems” aims to systematically document insect diversity and 

abundance across different seasons. The objectives of the study are to 

analyze seasonal fluctuations in major insect orders, assess diversity indices 

across seasons, and relate observed patterns to climatic conditions and 

cropping practices. The findings are expected to contribute baseline data for 

biodiversity conservation, support ecologically informed pest management, 

and enhance understanding of seasonal insect dynamics in agro-ecosystems, 

which is essential for achieving sustainable and resilient agricultural systems 

(Millennium Ecosystem Assessment, 2005). 

Review of Literature 

Numerous studies have documented the importance of insect diversity in 

agro-ecosystems. Altieri (1999) emphasized that diversified cropping 

systems support higher insect biodiversity and ecosystem resilience. Insect 

abundance is closely linked to vegetation structure, crop type, and 

management practices (Perfecto et al., 2004). Seasonality is a key 

determinant of insect population structure. Wolda (1988) reported that 

tropical insects exhibit strong seasonal patterns driven primarily by rainfall. 

Similarly, Kishimoto-Yamada and Itioka (2015) observed peak insect 

diversity during wet seasons due to increased resource availability. In Indian 

agro-ecosystems, studies by Singh et al. (2016) and Sharma and Gupta 

(2018) revealed higher insect abundance during monsoon seasons, 

particularly among Lepidoptera and Hymenoptera. Pesticide application has 

been shown to negatively affect non-target insect species, reducing overall 

biodiversity (Desneux et al., 2007). Climate change further alters insect 

phenology and distribution patterns (Deutsch et al., 2018). Increasing 

temperatures may accelerate insect development but can also disrupt 

synchrony between insects and host plants. Therefore, long-term monitoring 

of insect diversity and seasonal variation is essential for adaptive agricultural 

management. Agro-ecosystems are human-managed landscapes where 

ecological processes interact closely with agricultural practices. Insects 

constitute the most diverse and abundant faunal group in these systems and 

play essential roles as herbivores, pollinators, predators, parasitoids, 

decomposers, and scavengers. The agroecological framework recognizes 

biodiversity particularly insect diversity as a key driver of ecosystem 

stability and internal regulation, reducing dependence on external inputs 

such as chemical pesticides (Altieri, 1999). Consequently, understanding 

insect diversity and its seasonal distribution has become a central theme in 

agricultural ecology, pest management, and biodiversity conservation. Insect 

diversity underpins multiple ecosystem services critical to agriculture. 

Pollinators enhance yield quantity and quality in many crops, while 

predators and parasitoids suppress pest populations through natural 

biological control (Losey & Vaughan, 2006). Diverse insect communities 

also support decomposition and nutrient cycling, improving soil fertility and 

crop resilience. Studies consistently show that diversified agricultural 

systems such as mixed cropping, intercropping, and farms with non-crop 

vegetation harbor higher insect diversity and more stable ecological 

interactions than simplified monocultures (Altieri, 1999). However, the 

functional benefits of insect diversity are strongly mediated by seasonal 

dynamics, as insect populations fluctuate in response to climate and crop 

phenology. Seasonality is a defining characteristic of insect populations. 

Climatic variables such as temperature, rainfall, humidity, and photoperiod 

directly influence insect development rates, survival, reproduction, and 

dispersal. A seminal synthesis on insect seasonality emphasized that 

seasonal population patterns arise from interacting factors including resource 

availability, life-history constraints, natural enemy pressure, and 

environmental tolerances (Wolda, 1988). In agro-ecosystems, these drivers 

are further modified by cropping calendars, where sowing, vegetative 

growth, flowering, harvesting, and fallow periods create shifting habitats and 

resource pulses. In tropical and subtropical regions, rainfall is often the 

dominant seasonal driver. Monsoon or rainy seasons typically coincide with 

increased plant biomass, floral resources, and favorable microclimates, 

leading to higher insect abundance and species richness. In contrast, dry or 

winter seasons often limit food availability and activity, resulting in reduced 

diversity. Several field studies from Indian agro-ecosystems report 

maximum insect abundance during monsoon months, followed by post-

monsoon and summer, with minimum diversity during winter (Singh, 

Verma, & Kumar, 2016; Sharma & Gupta, 2018). These findings highlight 

the importance of season-wise assessments rather than single-time surveys. 

The literature emphasizes standardized sampling and analytical methods to 

evaluate seasonal variation. Commonly used techniques include sweep 

netting for foliage-dwelling insects, pitfall traps for ground-active taxa, light 

traps for nocturnal insects, and hand collection or visual counts for targeted 

groups. Diversity is typically quantified using species richness (S), 

Shannon–Wiener diversity index (H′), and Simpson’s dominance index (D), 

which together describe richness, evenness, and dominance patterns across 

seasons (Southwood & Henderson, 2000). Seasonal comparisons of these 

indices enable researchers to determine whether seasonal peaks reflect broad 

community-wide increases or dominance by a few taxa. Indian studies have 

widely adopted these indices to document seasonal patterns in insect fauna 

associated with crops such as rice, wheat, pulses, and vegetables. For 

example, Sharma and Gupta (2018) reported higher Shannon diversity 

values during monsoon seasons in crop fields, attributing this to increased 

vegetation complexity and favorable climatic conditions. Such 

methodological consistency allows comparisons across regions and years. 

Beyond field-level management, landscape context plays a critical role in 

shaping seasonal insect dynamics. Semi-natural habitats such as field 

margins, hedgerows, grass strips, orchards, and fallow lands provide refuges, 

alternative prey or hosts, nesting sites, and overwintering habitats for insects. 

These habitats are particularly important during periods of disturbance 

(harvesting, tillage, pesticide application) or resource scarcity. The 

conservation biological control framework highlights that many natural 

enemies persist in non-crop habitats and seasonally colonize crop fields, 

contributing to pest suppression (Landis, Wratten, & Gurr, 2000). 

Landscape-scale syntheses further demonstrate that heterogeneous 

landscapes support more diverse and stable insect communities than 

homogeneous monocultures. Such landscapes buffer seasonal fluctuations by 

providing continuity of resources across the year (Tscharntke, Klein, Kruess, 

Steffan-Dewenter, & Thies, 2005). Seasonal distribution patterns in agro-

ecosystems therefore reflect the combined influence of climate, crop 

phenology, and landscape structure. Pollinators are especially sensitive to 

seasonal resource availability. Their activity patterns are closely 

synchronized with flowering periods of crops and wild plants. Research on 

global pollinator declines has identified habitat loss, pesticides, pathogens, 

invasive species, and climate change as interacting drivers that can cause 

seasonal mismatches between pollinator activity and floral resources (Potts, 
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Biesmeijer, Kremen, Neumann, Schweiger, & Kunin, 2010). In agro-

ecosystems dominated by short-duration crops, pollinators may face resource 

gaps outside flowering windows, leading to seasonal declines. Studies 

suggest that maintaining staggered flowering crops and non-crop floral 

resources can stabilize pollinator populations across seasons. Natural 

enemies of insect pests predators and parasitoids exhibit distinct seasonal 

dynamics that influence pest suppression. Early-season pest populations 

often increase rapidly before natural enemies establish, particularly in 

simplified landscapes. Habitat management strategies such as beetle banks, 

flowering strips, and reduced-disturbance refuges are designed to support 

overwintering and early-season establishment of natural enemies (Landis, 

Wratten, & Gurr, 2000). Seasonal monitoring studies indicate that aligning 

pest management decisions with periods of high natural enemy activity can 

enhance biological control and reduce insecticide dependence. Pesticide use 

remains a major factor affecting insect diversity in agro-ecosystems. Beyond 

acute toxicity, sublethal effects can impair insect behavior, reproduction, and 

survival, altering seasonal population trajectories. A comprehensive review 

emphasized that sublethal pesticide effects on beneficial arthropods can 

weaken biological control and pollination services, particularly when 

applications coincide with peak activity periods (Desneux, Decourtye, & 

Delpuech, 2007). Seasonal vulnerability is therefore a critical consideration 

in IPM, as poorly timed pesticide applications may have long-lasting 

ecological consequences. Growing evidence of widespread insect declines 

has intensified the importance of monitoring insect diversity in agricultural 

landscapes. Long-term studies in Europe reported substantial declines in 

flying insect biomass over several decades, raising concerns about 

ecosystem services (Hallmann et al., 2017). Subsequent multi-habitat studies 

linked arthropod declines to land-use intensity and landscape-level drivers 

(Seibold et al., 2019). Although these studies are primarily from temperate 

regions, their implications are global, underscoring the need for region-

specific, seasonally resolved data in agro-ecosystems. Interpretation of insect 

declines is complex, with challenges related to baselines, detectability, and 

phenological shifts. A synthesis of methodological challenges emphasized 

the need for standardized, long-term, and seasonally replicated studies to 

accurately detect trends and attribute causes (Didham et al., 2020). Such 

approaches are particularly relevant in agro-ecosystems, where seasonal 

variability is high. Climate change is expected to modify insect seasonal 

dynamics by altering temperature and precipitation regimes. Warming can 

accelerate insect development, increase the number of generations per year, 

and intensify pest pressure. Evidence suggests that climate warming may 

increase crop losses to insect pests, especially in major cereal systems 

(Deutsch et al., 2018). These changes may shift seasonal peaks and disrupt 

synchrony among pests, natural enemies, and crops, highlighting the need 

for adaptive, season-aware management strategies. Despite extensive 

research, several gaps remain. Many studies lack fine taxonomic resolution, 

limiting functional interpretation. Seasonal analyses often do not separate 

functional guilds, reducing relevance for ecosystem services. Landscape 

variables are under-quantified despite strong evidence of their importance. 

Finally, few studies explicitly integrate seasonal insect data into practical 

management calendars. Addressing these gaps will improve the ecological 

relevance of seasonal diversity studies and strengthen sustainable 

agriculture. The literature demonstrates that insect diversity and seasonal 

distribution in agro-ecosystems are shaped by interacting effects of climate, 

crop phenology, habitat complexity, pesticide use, and landscape structure. 

Seasonal assessments are essential for conserving beneficial insects, 

optimizing pest management, and maintaining ecosystem services under 

agricultural intensification and climate change. 

Materials and Methods 

Study Area- The study was conducted in selected agricultural fields 

comprising cereal crops, pulses, oilseeds, and vegetable crops. The region 

experiences a subtropical climate with distinct summer, monsoon, post-

monsoon, and winter seasons. 

Sampling Period- Sampling was carried out monthly for one year and 

grouped into four seasons: 

Summer (March–June) 

Monsoon (July–September) 

Post-monsoon (October–November) 

Winter (December–February) 

 

Collection of Insects 

Insects were collected using: 

Sweep netting (vegetation-dwelling insects) 

Pitfall traps (ground-dwelling insects) 

Light traps (nocturnal insects) 

Hand picking 

Collected specimens were preserved in 70% ethanol or pinned for 

identification. 

Identification and Data Analysis- Insects were identified using standard 

taxonomic keys. Diversity indices were calculated: 

Shannon–Wiener Index (H′) 

Simpson’s Dominance Index (D) 

Species richness (S) 

Results 

Table 1. Seasonal Abundance of Major Insect Orders  

Insect Order Summer Monsoon Post-Monsoon Winter 

Lepidoptera 45 88 72 30 

Coleoptera 52 95 80 35 

Hymenoptera 60 110 90 40 

Diptera 48 92 75 28 

Hemiptera 40 85 70 25 

Table 2. Diversity Indices across Seasons 

Season Species 

Richness (S) 

Shannon 

Index (H′) 

Simpson Index 

(D) 

Summer 38 2.45 0.82 

Monsoon 62 3.21 0.91 

Post-Monsoon 54 2.98 0.88 

Winter 29 2.10 0.76 

 

 
Figure 1. Seasonal abundance of major insect orders in agro-ecosystems 

showing maximum population during the monsoon season. 

 
Figure 2. Seasonal variation in insect diversity indices indicating highest 

species richness and diversity during the monsoon period. 

Discussion 
The present study demonstrates pronounced seasonal variation in insect 

diversity within agro-ecosystems. The monsoon season supported the highest 

insect abundance and diversity due to favorable climatic conditions and 
increased vegetation cover. Similar trends have been reported by earlier 

researchers (Sharma & Gupta, 2018; Singh et al., 2016). 
Beneficial insects such as pollinators and natural enemies were more 
abundant during monsoon and post-monsoon seasons, emphasizing the need 

to minimize pesticide application during these periods. Reduced diversity 

during winter may be attributed to lower temperatures and reduced food 
availability. The present study on insect diversity and seasonal distribution in 

agro-ecosystems reveals pronounced temporal variation in insect abundance, 

richness, and community composition across seasons. Such seasonal 

dynamics are a defining characteristic of insect ecology and are strongly 

influenced by climatic conditions, crop phenology, habitat structure, and 
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management practices. The findings of this study align with a substantial 

body of literature demonstrating that agro-ecosystems support diverse insect 

communities whose structure fluctuates predictably over the annual cycle 

(Altieri, 1999; Wolda, 1988). The observed peak in insect diversity and 

abundance during the monsoon season is consistent with earlier studies 

conducted in tropical and subtropical agro-ecosystems. Increased rainfall 
during monsoon months enhances vegetation growth, floral resource 

availability, and microhabitat complexity, creating favorable conditions for 

insect development and survival. Similar seasonal peaks in insect abundance 
during rainy periods have been reported from agricultural fields in India and 

other tropical regions (Singh, Verma, & Kumar, 2016; Sharma & Gupta, 

2018). The decline in diversity during winter can be attributed to lower 
temperatures, reduced plant growth, and limited food resources, which 

restrict insect activity and reproduction. Wolda (1988) emphasized that 

insect seasonality results from interacting climatic and biological factors 
rather than single drivers. In agro-ecosystems, these interactions are 

amplified by crop cycles, where sowing, flowering, and harvesting stages 

generate shifting resource landscapes. The results of the present study 
support this framework, indicating that insect populations respond 

dynamically to seasonal changes in both climate and crop phenology. The 

dominance of insect orders such as Lepidoptera, Coleoptera, Hymenoptera, 
Diptera, and Hemiptera observed in this study is in agreement with previous 

research documenting their ecological importance in agricultural systems. 

Lepidopteran and hemipteran insects often include major crop pests whose 
populations increase during periods of high vegetative growth, while 

coleopterans and hymenopterans include a large proportion of predators, 

parasitoids, and pollinators (Altieri, 1999). The high abundance of 
hymenopterans during monsoon and post-monsoon seasons may reflect 

increased activity of pollinators and natural enemies coinciding with 

flowering crops and greater prey availability. Studies have shown that the 
relative dominance of insect orders can vary seasonally, even when overall 

abundance remains high. Such shifts may influence ecosystem functioning 

by altering the balance between pest species and beneficial insects. The 
seasonal dominance patterns observed in the present study therefore have 

important implications for pest management and biodiversity conservation. 

Seasonal variation in diversity indices such as species richness, Shannon–
Wiener index, and Simpson’s index highlights changes in community 

structure across seasons. Higher Shannon diversity values during monsoon 

and post-monsoon seasons indicate greater evenness and a more balanced 
distribution of individuals among taxa. In contrast, lower diversity values 

during winter suggest dominance by fewer taxa adapted to cooler conditions. 

Similar seasonal trends in diversity indices have been reported in agro-
ecosystem studies using standardized diversity metrics (Southwood & 

Henderson, 2000; Sharma & Gupta, 2018). These findings suggest that 

seasonal peaks in insect abundance do not merely reflect increases in a few 
dominant species but often involve broader community-wide responses to 

favorable environmental conditions. Such patterns are ecologically 

significant because communities with higher evenness are generally more 
resilient to disturbances and better able to provide ecosystem services. Semi-

natural habitats such as field margins, hedgerows, and fallow lands play a 

crucial role in sustaining insect populations across seasons. These habitats 
provide refuges during periods of disturbance and serve as sources for 

recolonization of crop fields. The conservation biological control framework 
highlights that predators and parasitoids often persist in non-crop habitats 

and seasonally move into crops, contributing to pest suppression (Landis, 

Wratten, & Gurr, 2000). The seasonal distribution patterns observed in the 
present study likely reflect not only within-field conditions but also the 

availability of surrounding habitats that support insects during unfavorable 

seasons. Landscapes with higher habitat heterogeneity tend to support more 
stable insect communities across seasons, as demonstrated by landscape-

scale syntheses linking biodiversity and ecosystem services (Tscharntke, 

Klein, Kruess, Steffan-Dewenter, & Thies, 2005). This emphasizes the 
importance of maintaining non-crop vegetation to buffer seasonal 

fluctuations in agro-ecosystems. Pollinator activity is closely linked to 

seasonal flowering patterns of crops and wild plants. The increased 
abundance of hymenopteran insects during flowering periods observed in 

this study supports earlier findings that pollinator diversity peaks when floral 

resources are abundant. However, seasonal gaps in flowering can lead to 
declines in pollinator populations, particularly in simplified agricultural 

landscapes. Global assessments of pollinator declines have identified habitat 

loss, pesticide exposure, and climate variability as major factors contributing 
to seasonal mismatches between pollinators and floral resources (Potts, 

Biesmeijer, Kremen, Neumann, Schweiger, & Kunin, 2010). The seasonal 

patterns documented in this study suggest that agro-ecosystems with 
continuous or staggered flowering resources may better support pollinator 

populations throughout the year. Such practices have direct implications for 

crop productivity and biodiversity conservation. Natural enemies of insect 
pests exhibit strong seasonal dynamics that influence the effectiveness of 

biological control. Early-season pest populations may increase rapidly before 

predators and parasitoids establish, particularly in systems with limited 

refuges. Habitat management practices that support overwintering and early-

season establishment of natural enemies can enhance pest suppression 

(Landis, Wratten, & Gurr, 2000). The present study’s findings of increased 

beneficial insect abundance during monsoon and post-monsoon seasons 

align with this perspective. Aligning pest management interventions with 

seasonal peaks of natural enemy activity is critical for sustainable 
agriculture. Failure to consider seasonal dynamics can disrupt biological 

control and lead to secondary pest outbreaks, increasing reliance on chemical 

pesticides. Pesticide use remains a major driver of insect community 
structure in agro-ecosystems. Beyond direct mortality, sublethal effects can 

impair insect behavior, reproduction, and survival, altering seasonal 

population trajectories. A comprehensive review emphasized that sublethal 
pesticide effects on beneficial arthropods can weaken biological control and 

pollination services, particularly when applications coincide with peak 

activity periods (Desneux, Decourtye, & Delpuech, 2007). Seasonal 
vulnerability is therefore a critical consideration in integrated pest 

management. The seasonal patterns observed in this study highlight the need 

for careful timing of pesticide applications to minimize impacts on beneficial 
insects. Incorporating seasonal insect monitoring into management decisions 

can reduce non-target effects and support ecosystem services. Evidence of 

widespread insect declines has heightened the importance of documenting 
insect diversity in agricultural landscapes. Long-term studies reported 

substantial declines in flying insect biomass, raising concerns about 

ecosystem functioning and food security (Hallmann et al., 2017). 
Subsequent studies linked arthropod declines to land-use intensity and 

landscape-level drivers (Seibold et al., 2019). Although such studies are 

often conducted in temperate regions, their implications extend to tropical 
agro-ecosystems. Seasonal monitoring is particularly important because 

declines may not be uniform across the year or across functional groups. A 

synthesis of challenges in interpreting insect declines highlighted the need 
for standardized, long-term, and seasonally replicated studies (Didham et al., 

2020). The present study contributes to this need by providing season-wise 

data on insect diversity in agro-ecosystems. Climate change is expected to 
further modify seasonal insect dynamics by altering temperature and 

precipitation regimes. Rising temperatures can accelerate insect 

development, increase the number of generations per year, and intensify pest 
pressure. Evidence suggests that warming may increase crop losses due to 

enhanced insect pest activity (Deutsch et al., 2018). Such changes may shift 

seasonal peaks and disrupt synchrony between pests, natural enemies, and 
crops, complicating management strategies. The seasonal patterns observed 

in the present study provide a baseline against which future climate-driven 

changes can be assessed. Continued seasonal monitoring will be essential for 
developing climate-adaptive pest management and conservation strategies. 

Overall, the findings reinforce the importance of season-aware management 

in agro-ecosystems. Conserving insect diversity through habitat 
diversification, reduced pesticide use, and landscape-level planning can 

enhance ecosystem services and resilience. Seasonal data provide critical 

insights for aligning agricultural practices with ecological processes, thereby 
promoting sustainable and environmentally responsible farming systems. 

Conclusion 
The study highlights that agro-ecosystems harbor rich insect biodiversity 
with significant seasonal variation. Conservation-oriented agricultural 

practices, habitat diversification, and reduced chemical inputs are essential 
for sustaining insect populations. Long-term monitoring programs are 

recommended to understand the impacts of climate change and land-use 

practices on insect diversity. 
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